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(54) Carbon ink, electron-emitting element, method for manufacturing an electron-emitting 
element and image display device 



(57) The invention presents a carbon ink with high 
electric field emission efficiency that can be applied in 
an inexpensive printing process suitable for mass pro- 
duction, an improved electron-emitting element for an 
image display device, and a method for manufacturing 
the electron-emitting element. The invention also 
presents an image display device with high image qual- 
ity and efficiency using this electron-emitting element. 
The image display device includes a patterned conduc- 
tor on a substrate, and electron-emitting elements made 
by applying, to predetermined positions of the conduc- 
tor, a carbon ink made into a paste with an organic 
binder and a solvent, the ink comprising (i) carbon par- 
ticles having a 6-membered carbon ring, and (ii) support 
particles for supporting the carbon particles, and firing 
the ink. 
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Description 

[0001] The present invention relates to an electron- 
emitting element emitting electrons utilizing the phe- 
nomenon of electric field electron emission, and to an 
image display device using such an electron-emitting 
element. More particularly, the present invention relates 
to a thin image display device used, for example, for 
audio-visual equipment. 

[0002] Until now, mainly cathode ray tubes (CRTs) 
are used for displays (image display devices) such as 
color televisions or computer monitors. However 
recently, there is a need for ever smaller, lighter and 
thinner image display devices, and the development of 
new thinner image display devices is flourishing. 
[0003] This situation has led to research and devel- 
opment activities for several types of thin image display 
devices, and of these, the development of liquid crystal 
displays and plasma displays is particularly thriving. Liq- 
uid crystal displays find application in many products, 
such as portable computers, portable televisions, video 
cameras, and car navigation systems. Plasma displays 
find application in products such as 20-inch or 40-inch 
large displays. 

[0004] However, liquid crystal displays have the 
problem that their viewing angle is narrow, and their 
response times are slow, whereas plasma display 
devices have the problem that they can hardly attain 
high brilliance and their power consumption is large. As 
thin image display devices that solve these problems, 
image display devices utilizing the so-called "field emis- 
sion" phenomenon, whereby electrons are emitted at 
regular temperatures in a vacuum, have had wide- 
spread attention (such devices are referred to as 
"FEDs" in the following). Such an FED is self-emitting, 
so that a broad viewing angle and a high brilliance can 
be attained. Moreover, its basic principle (using an elec- 
tron beam to cause a phosphor to emit light) is the same 
as in conventional cathode ray tubes, so that an image 
with high color repeatability can be displayed naturally. 
[0005] As the electron-emitting elements for the 
FED, Spindt-type microchip-type electron-emitting ele- 
ments, surface-conducting elements formed on a metal 
thin film or an oxide thin film, and MIM-type (or similarly 
structured) electron-emitting elements have been pro- 
posed for example. 

[0006] In recent years, carbon-based materials, 
such as diamond, graphite, DLC (diamond-like carbon), 
and carbon nanotubes have gained wide-spread atten- 
tion as electron-emitting materials for making electron- 
emitting elements. 

[0007] Such an electron-emitting element is dis- 
closed, for example, in Japanese Patent Applications 
Tokkai Hei 10-149760 and Tokkai Hei 10-12124. 
[0008] Figs. 8 and 9 are schematic cross-sectional 
drawings of a first conventional electron-emitting ele- 
ment (see Tokkai Hei 10-149760). The electron-emitting 
element in Fig. 8 is made be applying purified carbon 
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nanotubes 101 made by arc emission to a support sub- 
strate 102 made of a synthetic resin (Fig. 8A), and then 
applying a resist and forming a pattern in accordance 
with the layout of the electron-emitting portions 103 by 

5 lithography, so that electron-emitting portions 103 made 
of carbon nanotubes 101 are formed on the support 
substrate 102 (Fig. 8B). In this case, the carbon nano- 
tubes 101 on the support substrate 102 lie one upon 
another like fallen trees, as shown in Fig. 9. 

10 [0009] When an electric field is applied to the car- 
bon nanotubes 101 patterned into an electron-emitting 
portion 103 in such an electron-emitting element, elec- 
trons are emitted by the carbon nanotubes 101 . 
[0010] Fig. 10 is a schematic cross-sectional draw- 

15 ing of a second conventional electron-emitting element 
(see same Tokkai Hei 10-149760). The electron-emit- 
ting element in Fig. 1 0 includes a support substrate 111, 
a cathode wiring layer 112 disposed on the support sub- 
strate 111, and an electron-emitting portion 116 dis- 

20 posed on the cathode wiring layer 112. The electron- 
emitting portion 116 includes a conductive convex por- 
tion 114 formed in a portion of a conductive material 
layer 113, and a plurality of carbon nanotubes 115 par- 
tially buried in the tip of the conductive convex portion 

25 114. 

[0011] The following is an explanation of a method 
for manufacturing this second conventional electron- 
emitting element. First, a substrate of a silicon single- 
crystal is prepared, and a female mold substrate for the 

30 conductive convex portion 1 14 is formed by anisotropic 
etching. Carbon nanotubes 115 are disposed in this 
concave portion, a conductive material such as tung- 
sten is deposited on top of it by sputtering, and a con- 
ductive material for wiring is sputtered on top of that. 

35 Then, the female mold substrate is removed, resulting in 
an electron-emitting element as shown in Fig. 10. 
[0012] In this electron-emitting element, the elec- 
tron-emitting carbon nanotubes 115 are arranged at the 
tip of the conductive convex portion 114, where an elec- 

40 trie field tends to concentrate, so that a large electric 
field can be generated with a small driving voltage, and 
the electron-emitting carbon nanotubes 115 emit elec- 
trons efficiently. 

[0013] Fig. 11 is a schematic cross-sectional draw- 
45 ing of a third conventional electron-emitting element 
(Tokkai Hei 10-12124). The electron-emitting element 
shown in Fig. 11 is formed as follows. First, an alumi- 
num film 1 22 is formed by, for example, vapor deposition 
on a flat glass substrate 121. Then, the aluminum film 
so 122 is rinsed, and an insulating film 123 is formed by an 
anode oxidation process. After this process, the bottom 
portion of the pores 124 formed during the anode oxida- 
tion process are etched all the way to the aluminum film 
122 by anisotropic RIE etching. In an electrocoloring 
55 process, a nickel metal catalyst 125 is buried in the 
pores 124, and successively a heating process is per- 
formed at 1150°C in a mixed atmosphere of methane 
gas and hydrogen to generate and grow carbon nano- 
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tubes 126. With these steps, electron-emitting carbon 
nanotubes 126 can be orientationally aligned with high 
precision, and arranged to form an electron-emitting 
element with sharp tips. 

[0014] With such an electron-emitting element, the 
carbon nanotubes 126 can be orientationally aligned 
into a shape with sharp tips, so that an electric field can 
be concentrated effectively at the electron-emitting 
material to attain an electron-emitting element with high 
efficiency. 

[0015] However, the conventional electron-emitting 
element shown in Fig. 8 has the following problems. 
First of all, if carbon nanotubes 101 are applied to the 
support substrate 102 by a method such as printing, 
since the carbon nanotubes 101 have a rod-like longish 
molecular shape, they lie one upon another like fallen 
trees, as shown in Fig. 9, when attached to the support 
substrate 102. In this situation, the orientation of the 
electron-emitting carbon nanotubes 101 poses the 
problem that the tips, which are the most important for 
the electron emission, are partially buried. Thus, when a 
voltage is applied to the electron-emitting element, the 
electric field does not concentrate effectively, so that an 
efficient electron-emitting element is not attained. More- 
over, forcing the carbon nanotubes 101 to assume an 
upright position with respect to the support substrate 
102, by press-inserting or burying it is extraordinarily dif- 
ficult to let each and every molecule of the countless 
carbon nanotubes 101 stand upright on the support 
substrate 102. 

[0016] Moreover, in the conventional electron-emit- 
ting element shown in Fig. 10, with the manufacturing 
method described above, the carbon nanotubes 115 
are arranged on a concave portion and a conductive 
material is sputtered on top of them, so that the carbon 
nanotubes 115 are buried inside the tip of the conduc- 
tive convex portion 114. Thus, even when the electric 
field concentrates in the conductive convex portion 114, 
the electric field does not sufficiently concentrate on the 
carbon nanotubes 115 themselves, so that an effective 
electron-emitting element is not attained. Moreover, the 
step for forming the conductive convex portion 114 itself 
is complicated, and there is a limit to the size of the sili- 
con substrate, so that this is not a process that can be 
performed inexpensively for large substrates. Moreover, 
it is difficult to suppress irregularities of the convex 
shape, and there are problems with regard to reliability 
and production cost. 

[0017] Moreover, in the conventional electron-emit- 
ting element shown in Fig. 11, the carbon nanotubes 
126 stand upright on the glass substrate 121 , so that an 
electron emission due to an electric field concentration 
can be attained. However, since the source for this elec- 
tron emission is buried in the insulating film 123, when 
the electron emission begins, the surface of the insulat- 
ing film 123 starts to charge electrically, which changes 
the electric field, so that emission of electrons becomes 
unstable and an effective electron emission is not 



attained. Moreover, it is also possible to let the carbon 
nanotubes 126 protrude somewhat from the pores 124, 
but it is difficult to control the protrusion amount of the 
carbon nanotubes 126 during the step of molecule 

5 growth, and large variations occur easily. Moreover, 
since this step is performed at temperatures above 
1000°C, there is the problem that regular glass sheets 
do not withstand such high temperatures, so that there 
are limitations with regard to the material and the size of 

70 the substrates, which leads to the same problems with 
regard to efficiency, reliability and costs as above. 
[0018] With the aforementioned problems of the 
prior art in mind, and in consideration of favorable prop- 
erties when being used for image display devices in par- 

15 ticular, it is an object of the present invention to provide 
a carbon ink containing an electron-emitting component 
and an electron-emitting element, to which the carbon 
ink is applied in an inexpensive printing step suitable for 
mass production, the electron-emitting element having 

20 good electric field emission efficiency, being driven with 
low driving voltages, and being able to emit electrons 
even at a low degree of vacuum. It is a further object of 
the present invention to provide a method for manufac- 
turing such an electron-emitting element. It is also an 

25 object of the present invention to provide an improved 
electron-emitting element used in an image display 
device. 

[0019] It is another object of the present invention to 
provide a high-resolution image display device with high 
30 image quality and efficiency including such an improved 
electron-emitting element. 

[0020] To realize these objects, an inventive carbon 
particle composition is provided. One embodiment of 
the present invention is an inventive carbon ink made 
35 into a paste with an organic binder and a solvent com- 
prises carbon particles having a 6-membered carbon 
ring, and support particles for supporting the carbon 
particles. 

[0021] An electron-emitting element in accordance 

40 with the present invention is made by applying, to pre- 
determined positions of a conductor patterned onto a 
substrate, a carbon ink made into a paste with an 
organic binder and a solvent, the ink comprising (i) car- 
bon particles having a 6-membered carbon ring, and (ii) 

45 support particles for supporting the carbon particles, 
and firing the ink. When the ink is applied to a substrate, 
the support particles support some of the carbon parti- 
cles so as to stand in a substantially upright orientation 
with respect to the substrate. In this situation, the sup- 

50 port particles contact the carbon particles only at por- 
tions of the surface of the carbon particles. 
[0022] With the carbon ink and the electron-emitting 
element in accordance with the present invention, car- 
bon particles having a 6-membered carbon ring and 

55 serving as an electron-emitting material are made into a 
paste with an organic binder and a solvent. Thus, they 
can be applied in specified positions and scope on a 
substrate or the cathode wiring, using an inexpensive 
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method suitable for mass production, such as printing. 
Since, in this configuration, support particles are 
included that support the carbon particles, the carbon 
particles are supported by the support particles, so that 
they do not fall down on the substrate and lie one on top 
of the other, and many carbon particles are in an upright 
orientation with respect to the substrate. Moreover, by 
firing the ink after applying it, the organic binder and the 
solvent decompose, and carbon particles remain adher- 
ing to the conductor on the substrate. Moreover, the car- 
bon material including 6-membered carbon rings is a 
good electrical conductor, and its work function is low, 
so that if in a vacuum environment an electric field is 
applied to the carbon particles of the electron-emitting 
element in accordance with the present invention, the 
carbon particles emit electrons along the force lines of 
the electric field. Since many carbon particles are in an 
upright orientation with respect to the substrate surface, 
an electric field tends to concentrate at the edges of the 
individual carbon particles, so that the emission of 
numerous electrons can be achieved with a weaker 
electric field, i.e. a lower driving voltage. Consequently, 
in accordance with the present invention, an electron- 
emitting element with high electron emission efficiency 
can be obtained with an inexpensive process suitable 
for mass production, such as printing, so that an elec- 
tron-emitting element is obtained that can be suitably 
used for an image display device. 
[0023] In the carbon ink and the electron-emitting 
element in accordance with the present invention, it is 
preferable that the size of the support particles on the 
substrate is smaller than a longitudinal length of the car- 
bon particles. With this configuration, after the carbon 
ink has been applied to, for example, the substrate, the 
carbon particles enclose the support particles, but 
because their longitudinal length is longer than the size 
of the support particles, they do not form a film on the 
support particles, so that it can be ensured with better 
reliability that numerous carbon particles stand in an 
upright orientation on the substrate to which they have 
been applied. Consequently, in accordance with the 
present invention, it can be ensured with high reliability 
that an electron-emitting element is obtained, having 
electron-emitting portions with high efficiency, so that an 
electron-emitting element suitable for an image display 
device can be obtained. 

[0024] In the carbon ink and the electron-emitting 
element in accordance with the present invention, it is 
preferable that the support particles are selected from 
the group consisting of a self-combustible powder that 
decomposes into a gas when heated or burned, and a 
thermally decomposing foaming agent powder. With 
this configuration, the ink is fired after it has been 
applied, and not only the organic binder and the solvent, 
but also the support particles are decomposed, so that 
only the carbon particles remain adhering to the con- 
ductor of the substrate in an upright orientation with 
respect to the substrate. The carbon material having a 
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6-membered carbon ring is a good electrical conductor, 
the potential of the conductor spreads through the entire 
aggregation of carbon particles, and the electric field 
reaches even the voids after the support particles have 

5 been decomposed, so that the electron emission effi- 
ciency can be improved even further. 
[0025] In the carbon ink and the electron-emitting 
element in accordance with the present invention, it is 
preferable that decomposition temperature of the com- 

10 bustible powder and the decomposition temperature of 
the thermally decomposing foaming agent powder is 
lower than the decomposition temperature of the 
organic binder. With this configuration, the combustible 
powder or the thermally decomposing foaming agent 

15 powder are decomposed first, while the organic binder 
maintains numerous carbon particles in an upright ori- 
entation with respect to the substrate during the firing 
after the carbon ink is applied. Thus, the condition 
where numerous carbon particles stand in an upright 

20 orientation with respect to the substrate to which they 
are applied can be realized with better reliability. Conse- 
quently, in accordance with the present invention, it can 
be ensured with better reliability that an electron-emit- 
ting element is obtained, having electron-emitting por- 

25 tions with high efficiency, so that an electron-emitting 
element suitable for an image display device can be 
obtained. 

[0026] In the carbon ink and the electron-emitting 
element in accordance with the present invention, it is 

30 preferable that, in an aggregation of carbon particles, 
voids having a size in the range of 0.05 to 5 fim have 
been formed by decomposing the support particles. 
With this configuration, the carbon particles form aggre- 
gations enclosing voids of sizes in this range, so that 

35 even more carbon particles stand in an upright orienta- 
tion on the substrate, and the influence of the electric 
field extends into the inside of the aggregations, which 
improves the electron emission efficiency even further. 
[0027] In the carbon ink and the electron-emitting 

40 element in accordance with the present invention, it is 
preferable that the carbon particles include carbon nan- 
otubes. With this configuration, the carbon nanotubes 
do not only have a high electron emission efficiency due 
to their longish, rod-like molecule shape, but in conjunc- 

45 tion with the present invention, many carbon nanotubes 
are supported by the support particles, and assume an 
upright orientation with respect to the substrate to which 
they adhere, so that electric fields tend to concentrate 
even better at the tip of the carbon nanotubes, which 

so leads to an even higher efficiency. Consequently, in 
accordance with the present invention, it can be 
ensured with better reliability that an electron-emitting 
element is obtained, having electron-emitting portions 
with high efficiency, so that an electron-emitting element 

55 suitable for an image display device can be obtained. 
[0028] In the carbon ink and the electron-emitting 
element in accordance with the present invention, it is 
preferable that the carbon particles include graphite. 
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Graphite is an inexpensive material that is easy to 
obtain industrially, but its efficiency of electron emission 
in an electric field is not as high as that of carbon nano- 
tubes. However, by combining it with the present inven- 
tion, numerous graphite particles are supported by the 
support particles, and can be adhered in an upright ori- 
entation with respect to the substrate to which they have 
been applied, so that electric fields tend to concentrate 
at the tip of the graphite crystals, which leads to a higher 
electron emission efficiency. Consequently, in accord- 
ance with the present invention, it can be ensured with 
better reliability that an electron-emitting element is 
obtained, having electron-emitting portions with high 
efficiency, so that an electron-emitting element suitable 
for an image display device can be obtained. 
[0029] Moreover, if carbon fibers made into graphite 
powder are used for the carbon particles of the present 
invention, the directionality of the carbon particle clus- 
ters is improved, which has the effect of enhancing the 
efficiency. 

[0030] A method for manufacturing an electron- 
emitting element in accordance with the present inven- 
tion comprises filling the above-described carbon ink at 
least into a patterned concave board; transferring the 
carbon ink filled into the patterned concave board to a 
blanket; and transferring the carbon ink transferred to 
the blanket to a substrate. With this configuration, the 
carbon ink can be transferred and applied reliably on the 
substrate or the cathode wiring, even when carbon par- 
ticles, support particles and organic binder with different 
particle sizes are mixed in the carbon ink. Moreover, 
numerous carbon particles are applied in an upright ori- 
entation with respect to the substrate, i.e. in the same 
condition in which the carbon ink is filled in the concave 
board. As a result, in accordance with the manufactur- 
ing method of the present invention, an electron-emit- 
ting element having electron-emitting portions with high 
efficiency is obtained in an inexpensive process suitable 
for mass production, so that an electron-emitting ele- 
ment suitable for an image display device can be 
obtained. 

[0031] Using the carbon ink and the electron-emit- 
ting element of the present invention, it is possible to 
make an image display device. In a first configuration, 
an image display device for forming images by causing 
a phosphor layer to emit light with electrons emitted 
from electron-emitting elements includes a vacuum 
container; a phosphor layer; a substrate provided with a 
cathode wiring made of a patterned conductor; and 
electron-emitting elements made by applying, to prede- 
termined positions of the substrate, a carbon ink made 
into a paste with an organic binder and a solvent, the ink 
comprising (i) carbon particles having a 6-membered 
carbon ring, and (ii) support particles for supporting the 
carbon particles, and firing the ink. The cathode wiring 
is patterned into stripes. The phosphor layer has electri- 
cally separated stripes that are arranged in a plane par- 
allel to the stripes of the cathode wiring and extend 



substantially perpendicular to the stripes of the cathode 
wiring. The image display device is matrix-driven 
between the stripes of the phosphor layer and the 
stripes of the cathode wiring. With this configuration of 

5 an image display device, forming electron-emitting ele- 
ments at the matrix intersections formed by the stripes 
of the cathode wiring and the stripes of the phosphor 
layer, and temporally changing the potential of each of 
the stripes in accordance with an image to be displayed 

10 causes electrons to be emitted only from electron-emit- 
ting elements at the intersections where the electric 
field between the stripes exceeds a value at which the 
electron-emitting element emits electrons, whereby the 
phosphor layer temporally emits light only at predeter- 

15 mined portions, so that, as a result, an image can be 
displayed. The electron-emitting element of the present 
invention can be manufactured in a process that is inex- 
pensive and suitable for mass production, and its effi- 
ciency is high, so that the image display device 

20 configured as described above similarly can be manu- 
factured in a process that is inexpensive and suitable for 
mass production, and has high efficiency. 
[0032] In a second configuration, an image display 
device for forming images by causing a phosphor layer 

25 to emit light with electrons emitted from electron-emit- 
ting elements includes a vacuum container; a phosphor 
layer; a substrate provided with a cathode wiring made 
of a patterned conductor; electron-emitting elements 
made by applying, to predetermined positions of the 

30 substrate, a carbon ink made into a paste with an 
organic binder and a solvent, the ink comprising (i) car- 
bon particles having a 6-membered carbon ring, and (ii) 
support particles for supporting the carbon particles, 
and firing the ink; and gate electrodes arranged 

35 between the phosphor layer and the substrate. The 
cathode wiring is patterned into stripes. The gate elec- 
trodes have electrically separated stripes that are 
arranged in a plane parallel to the stripes of the cathode 
wiring and extend substantially perpendicular to the 

40 stripes of the cathode wiring. The image display device 
is matrix-driven between the stripes of the phosphor 
layer and the stripes of the cathode wiring. With this 
configuration of an image display device, forming elec- 
tron-emitting elements at the matrix intersections 

45 formed by the stripes of the cathode wiring and the 
stripes of the gate electrodes, and temporally changing 
the potential of each of the stripes in accordance with 
an image to be displayed causes electrons to be emitted 
only from electron-emitting elements at the intersec- 

so tions where the electric field between the stripes 
exceeds a value at which the electron-emitting element 
emits electrons, whereby the phosphor layer temporally 
emits light only at predetermined portions, so that, as a 
result, an image can be displayed. The electron-emitting 

55 element of the present invention can be manufactured 
in a process that is inexpensive and suitable for mass 
production, and its efficiency is high, so that the image 
display device configured as described above similarly 
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can be manufactured in a process that is inexpensive 
and suitable for mass production, and has high effi- 
ciency. 

[0033] It is preferable that the image display device 
according to the present invention further comprises 
control electrodes between the phosphor layer and the 
gate electrodes, the control electrodes functioning to 
focus or to focus and deflect an electron beam. The 
electron-emitting element of the present invention has a 
very high electron emission efficiency, so that its appli- 
cation area can be small, and since it can be patterned 
in a printing step, when it is applied at the matrix inter- 
sections, it can be regarded as a dot in comparison to 
the size of the pixels of the phosphor layer. Applying to 
this configuration the principle that light from one point 
can be focussed by simple optical means on one point, 
the focussing operation of the control electrode plate 
focuses the electron beam emitted by one point on one 
point on the phosphor layer corresponding to the elec- 
tron-optical image plane, within the scope of aberra- 
tions. Thus, the spot size on the phosphor layer can be 
reduced, thereby attaining an image display device with 
a higher image resolution. Moreover, if this configura- 
tion is further provided with a deflection function, such a 
deflection function can scan a small focused spot over a 
plurality of phosphor pixels and let these phosphor pix- 
els emit light, improving the resolution even further. 
Thus, with this configuration, an image display device 
can be obtained, that can be manufactured in an inex- 
pensive process suitable for mass production, that has 
high efficiency and improved resolution. 
[0034] In the image display device of the present 
invention, it is preferable that the substrate is integrated 
into the vacuum container. Combining the substrate and 
the vacuum container into one member, reduces mate- 
rial costs and facilitates the assembly process, which 
makes the image display device even less expensive. 

Fig. 1 is a cross-sectional drawing of an electron- 
emitting element according to a first embodiment of 
the present invention. 

Fig. 2 is a cross-sectional drawing of an electron- 
emitting element according to a first embodiment of 
the present invention. 

Fig. 3 is a diagram illustrating a method for manu- 
facturing an electron-emitting element in accord- 
ance with the present invention. 
Fig. 4 is a cross-sectional drawing of carbon ink 
filled into a concave portion. 
Fig. 5 is an exploded view of an image display 
device in accordance with a fourth embodiment of 
the present invention. 

Fig. 6 is an exploded view of an image display 
device in accordance with a fifth embodiment of the 
present invention. 

Fig. 7 is a cross-sectional drawing showing how an 
image display device in accordance with the 
present invention operates. 
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Fig. 8 is a schematic cross-sectional drawing of a 
first conventional electron-emitting element. 
Fig. 9 is a more detailed cross-sectional drawing 
showing the structure of a first conventional elec- 
5 tron-emitting element. 

Fig. 10 is a schematic cross-sectional drawing of a 
second conventional electron-emitting element. 
Fig. 11 is a schematic cross-sectional drawing of a 
third conventional electron-emitting element. 

10 

[0035] The following is a description of the preferred 
embodiments, with reference to the accompanying 
drawings. In these embodiments, corresponding mem- 
bers have been given the same numbers, and are only 
15 explained where necessary, so as to avoid double 
explanations. 

First Embodiment 

20 [0036] Fig. 1 is a schematic cross-sectional draw- 
ing, showing an electron-emitting element according to 
a first embodiment of the present invention. Fig. 1A 
schematically shows the electron-emitting element of 
the present invention with carbon ink applied to it, and 

25 Fig. 1B schematically shows the electron-emitting ele- 
ment after the ink has been fired. In the electron-emit- 
ting element in Fig. 1, numeral 1 denotes carbon 
particles, and numeral 2 denotes support particles, 
which are made of a material that decomposes into gas 

30 during a firing step. Numeral 3 denotes an organic 
binder, numeral 4 denotes a substrate, and numeral 5 
denotes a cathode wiring. 

[0037] The carbon ink of the present embodiment 
contains carbon particles including a 6-membered car- 

35 bon ring, and is made into a paste with the organic 
binder 3 and a solvent. The carbon ink comprises the 
support particles 2, which support the carbon particles 
1 . When this carbon ink is applied beforehand to prede- 
termined positions of the substrate 4 with the cathode 

40 wiring 5, the carbon particles 1 do not fall down onto the 
substrate 4, as can be seen in Fig. 1A, and numerous 
carbon particles 1 remain in an upright orientation with 
respect to the substrate 4. To apply the carbon ink, the 
ink's properties can be taken advantage of, and the ink 

45 can be applied in a certain pattern with a printing 
method, so that manufacturing is possible with few 
steps and suitable for mass production. In the drawing, 
the carbon particles are drawn as rod-shaped particles, 
to make the operation of the present invention clear. 

so Moreover, if the substrate 4 is conductive, the cathode 
wiring 5 does not necessarily have to be provided, as 
long as the electron-emitting carbon particles 1 can be 
supplied with current. 

[0038] Next, the entire element including the carbon 
55 ink as shown in Fig. 1A is fired. After the firing, the 
organic binder 3 and the support particles 2 are decom- 
posed, for example, by burning, and only the carbon 
particles 1 remain attached to the substrate 4 or the 
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cathode wiring 5 in an upright orientation with respect to 
the substrate 4, as shown in Fig. 1B. Voids 6 are formed 
where the support particles were. 
[0039] As a material for the support particles 2, 
which are decomposed in the firing step, a pulverized 5 
material with a predetermined average particle size 
having self-combustibility, such as cellulose nitrate, or a 
powder of a thermally decomposing foaming agent hav- 
ing azodicarboamide or dinitroso pentamethylene 
tetramine as a main component, i.e. a material decom- 10 
posing into gas when heated, can be used. 
[0040] If isobutylmethacrylate, poly-cc-methylsty- 
rene, polymethylmeth-acrylate, polytetrafluoroethylene, 
or another depolymerizing resin is used as a material for 
the organic binder 3, it can be burned away sufficiently 15 
by heating and firing, and since the inherent strength of 
the carbon particles 1 is high, they do not come off after 
the firing, and a favorable condition is attained. 
[0041] Furthermore, if butylcarbitol or isobutylcarbi- 
tol is used in a suitable amount as a solvent when using 20 
the organic binder 3, the ink viscosity can be adjusted, 
and a suitable carbon ink for the printing step can be 
attained. 

[0042] The electron-emitting element, formed and 
configured as described above, functions as follows. 25 
When an electric field is applied from the top in Fig. 1B, 
the electric field concentrates at the tips of the carbon 
particles 1, which stand upright with respect to the sub- 
strate 4, such as the carbon particles 7a to 7h in the 
drawing. The carbon material including a 6-membered 30 
carbon ring is characterized in that it is a good electrical 
conductor, and has a low work function, so that it starts 
to emit electrons at low electric field strengths, and if the 
electric field is concentrated at their tip as in the present 
invention, a large current is emitted in proportion to the 35 
concentration of the field. For a regular electric field 
electron emission, a concentration of the electric field 
leads to a considerable rise of the electron emission 
efficiency, as is shown by 

/=aEV f 

wherein I is the emission current, E is the electric field, 
and a and b are constants. 

[0043] Since the drawings are, for simplification, 45 
schematic cross-sectional drawings, only a moderate 
number of the tips 7a to 7h of the carbon particles sub- 
mitted to the concentration of the electric field are 
shown in the drawings, but in fact, there are very numer- 
ous carbon particles 1 arranged upright with respect to so 
the substrate 4, so that there is no exhaustion and vari- 
ation of carbon particles 1 during the electron emission. 
[0044] As has been explained above, with the car- 
bon ink and the electron-emitting element of the present 
invention, carbon particles 1 including a 6-membered 55 
carbon ring as the electron-emitting material are made 
into an ink, which can be applied with an inexpensive 
method suitable for mass production, such as printing 
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onto a substrate 4 or a cathode wiring 5 while specifying 
position and extent. Moreover, by firing the ink applied 
to the substrate 4 or cathode wiring 5, numerous carbon 
particles 1 remain in an upright orientation with respect 
the substrate 4, without falling down on the substrate 4, 
so that due to the effect of the concentrated electric 
field, even with a weak electric field, i.e. a low driving 
voltage, numerous electron emissions can be attained. 
Consequently, with this invention, an electron-emitting 
element with high electron emission efficiency can be 
attained with a printing step, which is inexpensive and is 
suitable for mass production, so that an electron-emit- 
ting element suitable for an image display device can be 
obtained. 

[0045] Good results can be attained if carbon nano- 
tubes are used for the carbon particles 1 in the carbon 
ink and the electron-emitting element of the present 
embodiment. Carbon nanotubes have been discovered 
recently, together with other new carbon crystalline 
materials, such as fullerenes. Carbon nanotubes are 
cylindrical and include 6-membered carbon rings. The 
diameter of the carbon nanotubes is several nm to sev- 
eral dozen nm, and their length can exceed several uxn. 
If the carbon nanotubes are pulverized and used for the 
carbon particles 1 of the carbon ink of the present inven- 
tion, not only is their electron emission efficiency high 
because of their rod-like longish molecule shape, but 
since they adhere to the substrate 4 to which they are 
applied more effectively in an upright orientation, the 
electric field can be concentrated better at the tip of the 
carbon nanotubes, which display the best known elec- 
tron emission properties, so that an even higher effi- 
ciency can be expected. 

[0046] It is also possible to use graphite powder for 
the carbon particles 1. Graphite has 6-ring-membered 
crystals aligned on a sheet, and has scale-shaped par- 
ticles. Graphite is an inexpensive material that is easy to 
obtain industrially, but since electron emission efficiency 
is determined by the molecule shape, its efficiency is 
not as high as that of carbon nanotubes. However, by 
combining it with the present invention, numerous 
graphite particles can be adhered in an upright orienta- 
tion with respect to the substrate 4 to which they have 
been applied. The inventors have observed that for car- 
bon materials with 6-membered carbon rings, such as 
graphite, the portions where the 6-membered carbon 
rings are broken, i.e. at the edge of the scale-shaped 
particles, the electron emission can be attained most 
easily. Consequently, if graphite is used for the carbon 
particles 1 of the present invention, the electric field can 
be concentrated at the edges of the graphite crystals, 
and the graphite can be used as a material having high 
electron emission efficiency. 

[0047] Moreover, if carbon fibers made into pulver- 
ized graphite are used for the carbon material, the direc- 
tionality of the carbon particle clusters is improved as is 
the case for carbon nanotubes, which has the effect of 
enhancing the efficiency. 
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[0048] Moreover, the decomposition temperature 
for the support particles 2, which are decomposed by 
heating or burning, in the carbon ink and the electron- 
emitting element of this embodiment is set to be lower 
than the decomposition temperature of the organic 
binder 3. If the organic binder 3 and the support parti- 
cles 2 are eventually decomposed by firing, an electron- 
emitting element having the effect of the present inven- 
tion can be obtained. In this example, the support parti- 
cles 2 are decomposed first, while the organic binder 3 
maintains numerous carbon particles 1 in an upright ori- 
entation with respect to the substrate 4 during the firing 
after the carbon ink is applied. Thus, the condition 
where numerous carbon particles 1 stand in an upright 
orientation with respect to the substrate 4, as shown in 
Fig. 1, can be realized reliably. 

[0049] Furthermore, the height of the support parti- 
cles 2 (referred to as "size of the support particles 2" in 
the following) in the carbon ink or the electron-emitting 
element of the present embodiment is selected to be 
smaller than the length of the carbon particles 1 in the 
longitudinal direction. Here, "longitudinal direction" 
means the length of the rods in the case of rod-shaped 
particles, such as carbon nanotubes or carbon fibers, or 
the length of the longest side in the case of scale- 
shaped particles, such as graphite powder. When the 
carbon ink has been applied to the substrate 4, the car- 
bon particles 1 enclose the support particles 2. If, in this 
situation, the size of the support particles 2 is much 
larger than the longitudinal length of the carbon parti- 
cles 1 , the carbon particles 1 become like a film on the 
support particles 2, lessening the effect of the electric 
field concentration. However, if the longitudinal length of 
the carbon particles 1 is selected to be longer than the 
support particles 2, the carbon particles 1 will not form 
a film on the support particles 2, and more carbon par- 
ticles will assume an upright orientation with respect to 
the substrate 4 to which they have been applied. If the 
size of the support particles 2 is too small, the effect of 
the present invention is decreased, so that it is prefera- 
ble that the size of the support particles 2 is at least half 
the longitudinal length of the carbon particles 1 . 
[0050] Moreover, as for the specific size of the car- 
bon particles 1 , if the carbon particles 1 are too short, 
the overall irregularities even out, so that the effect of 
the electric field concentration is decreased, and if the 
carbon particles 1 are too long, precise patterning with 
a printing step becomes difficult, so that preferably, the 
carbon ink has carbon particles with a length of 0.1 to 
10 urn. 

[0051 ] The size of the support particles 2 should be 
chosen to be in the range of 0.05 u.m to 5 u,m, depend- 
ing on the size of the carbon particles 1 . A spherical 
shape, without directionality, is effective to let as many 
carbon particles 1 as possible stand up against the sub- 
strate 4. However, the support particles of the present 
invention are not limited to spherical shapes, and other 
shapes of a certain thickness, such as rectangular solid, 
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cube-shaped, pyramidal, conical, truncated pyramidal 
etc., are also possible, as long as they can let the car- 
bon particles 1 stand upright with respect to the sub- 
strate 4, regardless of their orientation. 

5 [0052] With this configuration, an electron-emitting 
element can be obtained, which is formed by applying 
carbon particles 1 having a 6-membered carbon ring on 
a substrate 4 or on a cathode wiring 5 provided on a 
substrate 4, and which has voids of a size in the range 

10 of 0.05 um to 5 urn inside the aggregation of the carbon 
particles 1. 

[0053] Moreover, this embodiment has been 
explained for the case that one group of carbon parti- 
cles 1 functions as one independent electron-emitting 

15 element. However, needless to say, if the number of 
electrons emitted by one group of carbon particles 1 is 
insufficient to be used for an electron beam, it is also 
possible to combine a plurality of groups of carbon par- 
ticles 1 to form one electron emission source. 

20 [0054] Moreover, the drawings show the case 
where the carbon particles 1 all have the same size and 
the support particles 2 all have the same size, but the 
same effect as explained above can be obtained if par- 
ticles 1 and 2 of different sizes are mixed, within the 

25 preferable range of sizes, because numerous particles 
1 and 2 are present in the same application portion. 

Second Embodiment 

30 [0055] Fig. 2 is a schematic cross-sectional drawing 
of an electron-emitting element in accordance with a 
second embodiment of the present invention. Fig. 2 
shows the element, after a carbon ink of the present 
invention has been applied to it and fired away. The 

35 aspect that is different form the first embodiment of the 
present invention is that the support particles are made 
of a material that does not decompose or burn away 
during the manufacturing steps. The following explana- 
tions use the same numbers for the same elements as 

40 in the first embodiment, in order to avoid duplicate 
explanations, and focus on the differences to the first 
embodiment of the present invention. 
[0056] In the electron-emitting element shown in 
Fig. 2, numeral 1 denotes carbon particles, numeral 8 

45 denotes support particles not decomposed by the firing 
step, numeral 4 denotes a substrate, and numeral 5 
denotes a cathode wiring. Numerous carbon particles 1 
are attached to the substrate 4 in an upright orientation 
with respect to the substrate 4. However, in contrast to 

so the first embodiment, the support particles 8 remain 
after the firing. 

[0057] For the support particles 8, a material should 
be used that does not decompose in the firing step, for 
example particles of an inorganic material such as 
55 glass, alumina or silica, or metal particles of aluminum, 
titanium, gold or nickel. 

[0058] The following is an explanation of the opera- 
tion of an electron-emitting element, formed and config- 
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ured as described above. When an electric field is 
applied from the top in Fig. 2, the electric field concen- 
trates at the tips of the carbon particles, which stand 
upright with respect to the substrate 4, such as the car- 
bon particles 7a to 7h in the drawing, so that a high 
electron emission efficiency can be attained. As the 
support particles 8 remain even after the firing, the influ- 
ence of the electric field is a little weaker than in the first 
embodiment, but the support particles 8 also stabilize 
the upright orientation of the carbon particles 1 with 
respect to the substrate 4 in all production steps, and 
enhance the reliability as the support particles 8 add to 
the adherence strength even after the burning. 
[0059] Now, all structural elements and operational 
effects that have not been explained for this embodi- 
ment are the same as explained for the first embodi- 
ment, so that their further explanation has been omitted. 

Third Embodiment 

[0060] Fig. 3 is a diagram illustrating the principle of 
a part of a method for manufacturing an electron-emit- 
ting element in accordance with the present invention. 
An electron-emitting element made with the manufac- 
turing method of this embodiment has basically the 
same configuration as the electron-emitting element of 
the first and second embodiments noted above (see 
Figs. 1 and 2). The following is an explanation of a 
method for applying carbon ink by offset printing, which 
is a printing process characteristic for the present inven- 
tion, and is part of the manufacturing process. 
[0061] As shown in Fig. 3A, a concave board 11 
having concave portions 12 in a suitable predetermined 
pattern is prepared, and the concave board 1 1 is filled 
with carbon ink 13. The concave portions 12 of the con- 
cave board 1 1 can be filled easily by dripping a suitable 
amount of carbon ink 13 into them, or applying the car- 
bon ink 13 with, for example, a squeegee 14. 
[0062] Then, the carbon ink 13 filled into the con- 
cave portions 12 is transferred to a blanket 15, as is 
shown in Fig. 3B. If silicone rubber is used for the trans- 
fer surface of this blanket 15, suitable transfers can be 
performed, as silicone rubber has good chemical resist- 
ance and is a soft material. Moreover, if the concave 
board 1 1 is flat, and the ink transfer face of the blanket 
15 is arc-shaped, the carbon ink 13 can be transferred 
simply by pressing and rolling the blanket 15 over the 
concave board 1 1 . 

[0063] Then, the carbon ink 13, which has been 
transferred to the blanket 15, is transferred to a sub- 
strate 4 (see Figs. 1 and 2), on which the electron-emit- 
ting element is to be formed, as shown in Fig. 3C. At this 
time, the carbon ink 13 can be applied on the substrate 
4 with very high precision, for example if all positional 
references are aligned, i.e. if the positional reference of 
two orthogonal sides of the board, the pattern of the 
concave portions 12 in the concave board 11, the blan- 
ket 15 and the substrate 4 are aligned. 



888 A1 




[0064] Using the above-noted printing step, the car- 
bon ink 1 3 can be transferred and applied reliably on the 
substrate 4, even when carbon particles 1 , support par- 
ticles 2 (8) and organic binder 3 with different particle 

5 sizes are mixed in the carbon ink 13. 

[0065] One of the surprising effects of the present 
invention is that by filling sufficiently mixed carbon ink 
13 into concave portions 12 of a concave board 1 1 hav- 
ing a predetermined depth, numerous carbon particles 

10 1 stand upright with respect to the substrate 4 to which 
the ink is applied, in the same orientation into which 
they had been filled into the concave portions 12. This 
orientation is shown in Fig. 4. Without disturbing the 
condition in which the structural elements, such as the 

15 carbon particles 1 , the support particles 2 (8), and the 
organic binder 3 of the carbon ink 13 are intermingled 
during the filling, numerous carbon particles 1 are 
mixed in an upright position in the concave portion 12, 
as shown in Fig. 4. Consequently, in conjunction with 

20 the configuration of the carbon ink 13 of the present 
invention, the effect of this method is better than when 
another printing method is used. Moreover, to apply the 
carbon ink 13 with the above-noted printing step is inex- 
pensive and suitable for mass production. Conse- 

25 quently, with the manufacturing method of the present 
invention, an electron-emitting element is attained hav- 
ing electron-emitting portions with high efficiency that 
are formed in an inexpensive step suitable for mass pro- 
duction, so that a favorable electron-emitting element 

30 used for an image display device can be attained. 

[0066] It is preferable that there is no blurring during 
the transfer, and that the particles in the carbon ink 13 
are arranged in several layers, so that suitable printing 
results and an electron-emitting element with high effi- 

35 ciency can be attained if the depth of the concave por- 
tion 1 2 is selected to be in the range of 5 um and 40 urn, 
depending on the size of the carbon particles 1 . 

Fourth Embodiment 

40 

[0067] The following is an explanation of an image 
display device using an electron-emitting element 
according to a fourth embodiment of the present inven- 
tion, with reference to the accompanying drawings. The 

45 electron-emitting element used for the image display 
device of this embodiment has basically the same con- 
figuration as the electron-emitting element of the first or 
the second embodiment noted above (see Figs. 1 B and 
2), so that structural details of the electron-emitting ele- 

50 ment are omitted, and it is simply referred to as "elec- 
tron-emitting element". 

[0068] Fig. 5 is an exploded perspective view show- 
ing the configuration of an image display device using 
an electron-emitting element according to the present 
55 invention. The image display device shown in Fig. 5 
includes a front panel 31 , a rear panel 32, a phosphor 
layer 33 formed on the inside surface of the front panel 
31 , an anode wiring 34 of electrically separated stripes 
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contacting the phosphor layer 33, a substrate 36, a 
cathode wiring 35 of a suitably patterned conductor 
formed on the substrate 36, and a plurality of electron- 
emitting elements 37. 

[0069] A vacuum container is formed by the front 5 
panel 31 and the rear panel 32, and the other structural 
elements are enclosed inside this vacuum container. A 
vacuum of about 10" 6 to lO^torr (ca. 10 -4 to lO^Pa) is 
maintained in the vacuum container. The front panel 31 
is made of a transparent member, so that light emitted w 
from the phosphor layer 33 can be observed from the 
outside. However, the entire vacuum container does not 
have to be transparent, and the rear panel 32 can be 
made of any material that is suitable for maintaining a 
vacuum. 15 
[0070] The phosphor layer 33 is made, for example, 
by applying a phosphor material that emits light when 
irradiated with an electron beam onto the inside surface 
of the front panel 31 . If the image display device is a 
monochrome display, it is sufficient to apply a single 20 
phosphor material of a certain emission color on the 
inside surface of the front panel 31, but in case of a 
phosphor layer 33 for a color display, black stripes are 
applied to the inside surface of the front panel 31 , and 
then a multitude of phosphor stripes is applied to the 25 
inside surface of the front panel 31, for example, in the 
order red (R), green (G) and blue (B). Such phosphor 
stripes can be formed on the front panel 31 with a direct 
printing process, such as offset printing, a transfer proc- 
ess, such as printing on a resin sheet and transferring 30 
the printed pattern by heat or pressure, or with a lithog- 
raphy process, as for a conventional cathode ray tube. 
[0071] The anode wiring 34 contacts the phosphor 
layer 33 and is electrically separated into stripes. It is 
sufficient if the pitch of the stripes is the predetermined 35 
display dot pitch of the image display device, and it 
should be matched to the R, G, and B phosphor stripes 
in the case of a color display. If a transparent conductive 
material such as ITO (indium tin oxide) is used as a 
material for the anode wiring 34, it does not block the 40 
light emitted from the phosphor layer 33. 
[0072] The cathode wiring 35 is disposed on the 
substrate 36, and is patterned into stripes that are 
arranged in a plane parallel to the stripes of the anode 
wiring 34 and extend substantially perpendicular to the 45 
stripes of the anode wiring 34. The aforementioned ITO 
can be used for the material for the cathode wiring 35, 
but the cathode wiring 35 does not necessarily have to 
be made of a transparent material, and it can also be 
patterned, for example, by printing a conductive paste, so 
such as silver paste or gold paste, or photo-etching a 
wiring pattern after forming a conductive film, for exam- 
ple made of metal, on the substrate 36. 
[0073] A plurality of electron-emitting elements 37 
are arranged on the cathode wiring 35 at each intersec- 55 
tion between the stripe-shaped anode wiring 34 and the 
cathode wiring 35. The specific structure of the elec- 
tron-emitting elements 37 is the same as in the electron- 
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emitting element of the first and the second embodi- 
ment noted above (see Figs. 1 B and 2), so that a further 
explanation of their configuration and manufacturing 
method has been omitted. 

[0074] The stripe-shaped cathode wiring 35 and the 
anode wiring 34 contacting the phosphor layer 33 drive 
the matrix rows and columns in the image display 
device configured as described above and since the 
electron-emitting elements 37 are arranged at the inter- 
sections of the matrix, the electron-emitting elements 
37 at predetermined intersections can be caused to 
emit electrons, in accordance with the potential differ- 
ence between the stripe-shaped rows and columns. For 
example, if a certain selected stripe in the anode wiring 
34 is set to high voltage and all other stripes are set to a 
voltage lower than that high voltage, and if a certain 
selected stripe in the cathode wiring 35 is set to low volt- 
age and all other stripes are set to a voltage higher than 
that low voltage, then a strong electric field is generated 
only at the intersection of the selected stripes. Starting 
with this strong electric field, electrons are emitted only 
at certain predetermined intersections, and only at posi- 
tions of the phosphor layer 33 corresponding to these 
intersections are electrons accelerated to collide with 
the phosphor so that the phosphor emits light. If the 
applied voltage changes temporally in accordance with 
the image display, it is possible to cause only predeter- 
mined portions of the phosphor layer to emit light tem- 
porally, whereby an image can be displayed. 
[0075] Since the electron emission efficiency of the 
electron-emitting element 37 of the present invention is 
high, the matrix driving voltage applied between the 
anode wiring 34 and the cathode wiring 35 can be kept 
low, and an image display device of high efficiency can 
be realized with a small driving circuit, and, as another 
surprising effect of the present invention, an inexpen- 
sive image display device with high efficiency can be 
obtained. 

[0076] The present embodiment has been 
explained for the case that the substrate 36 and the rear 
panel 32 are separate members. However, it is also 
possible to form the cathode wiring 35 and the electron- 
emitting elements 37 directly on the rear panel 32. In 
this case, the substrate 36 is integrated into the rear 
panel 32, which is part of the vacuum container, so that 
by combining them into one member, material costs can 
be reduced and the assembly process is facilitated, 
which makes the image display device even less expen- 
sive. 

Fifth Embodiment 

[0077] The following is an explanation of an image 
display device using an electron-emitting element 
according to a fifth embodiment of the present inven- 
tion. The electron-emitting element used for the image 
display device of this embodiment has basically the 
same configuration as the electron-emitting element of 
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the first or the second embodiment noted above (see 
Figs. 1B and 2), so that structural details of the electron- 
emitting element are omitted, and it is simply referred to 
as "electron-emitting element". Moreover, detailed 
explanations of structural elements that are the same as 5 
in the image display device of the fourth embodiment 
have been omitted. 

[0078] Fig. 6 is an exploded perspective view show- 
ing the configuration of an image display device using 
an electron-emitting element according to the present 10 
invention. The image display device shown in Fig. 6 
includes a front panel 41, a rear panel 42, a phosphor 
layer 43 formed on the inside surface of the front panel 
41 , a substrate 46, a cathode wiring 45 of a suitably pat- 
terned conductor formed on the substrate 46, gate elec- 15 
trades 44 for controlling the emission of electrons 
arranged between the phosphor layer 43 and the sub- 
strate 46, and a plurality of electron-emitting elements 
47. 

[0079] A vacuum container is formed by the front 20 
panel 41 and the rear panel 42, and the other structural 
elements are enclosed inside this vacuum container. 
Moreover, a vacuum of about 10" 6 to 10" 8 torr (ca. 10" 4 to 
lO^Pa) is maintained in the vacuum container formed 
by the front panel 41 and the rear panel 42. 25 
[0080] The cathode-wiring 45 is patterned into 
stripes, and the gate electrodes 44 have electrically 
separated stripes that are arranged in a plane parallel to 
the stripes of the cathode wiring 45 and extend substan- 
tially perpendicular to the stripes of the cathode wiring 30 
45. Through holes 48 for electron beams emitted from 
the electron-emitting elements 47 are formed in the gate 
electrodes 44. Then, the electron-emitting elements 47 
are arranged on the cathode wiring 45 at the intersec- 
tions between the stripe-shaped cathode wiring 45 and 35 
the gate electrodes 44. 

[0081] The material for the front panel 41 and the 
rear panel 42, as well as the specific configuration of the 
phosphor layer 43, the cathode wiring 45, and the elec- 
tron-emitting elements 47 can be the same as for the ao 
image display device of the above-noted fourth embod- 
iment (see Fig. 5), so that further explanations regard- 
ing their structure and manufacturing methods have 
been omitted. 

[0082] The stripe-shaped cathode wiring 45 and the 45 
gate electrodes 44 drive the matrix rows and columns in 
the image display device configured as described 
above, and since the electron-emitting elements 47 are 
arranged at the intersections of the matrix, the electron- 
emitting elements 47 at predetermined intersections so 
can be caused to emit electrons, in accordance with the 
potential difference between the stripe-shaped rows 
and columns. For example, if a certain selected stripe of 
the gate electrodes 44 is set to high voltage and all 
other stripes are set to a voltage lower than that high 55 
voltage, and if a certain selected stripe in the cathode 
wiring 45 is set to low voltage and all other stripes are 
set to a voltage higher than that low voltage, then a 



strong electric field is generated only at the intersection 
of the selected stripes. Starting with this strong electric 
field, electrons are emitted only at certain predeter- 
mined intersections, pass the electron beam through 
holes 48 provided in the gate electrodes 44, and only at 
positions of the phosphor layer 43 corresponding to 
these intersections are electrons accelerated to collide 
with the phosphor so that the phosphor emits light. If the 
applied voltage changes temporally in accordance with 
the image display, it is possible to cause only predeter- 
mined portions of the phosphor layer to emit light tem- 
porally, whereby an image can be displayed. 
[0083] Since the electron emission efficiency of the 
electron-emitting elements 47 of the present invention is 
high, the matrix driving voltage applied between the 
gate electrodes 44 and the cathode wiring 45 can be 
kept low, and an image display device of high efficiency 
can be realized with a small driving circuit, and, as 
another surprising effect of the present invention, an 
inexpensive image display device with high efficiency 
can be obtained. 

[0084] Fig. 7 is a cross-sectional drawing of an 
example of an image display device of this embodiment, 
further provided with an electrode plate 51 for focusing 
electron beams. Numeral 49 denotes a quasi-dot- 
shaped electron-emitting element, and numeral 50 
denotes the trajectory of an electron emitted by the 
quasi-dot-shaped electron-emitting element 49. The 
other structural elements are substantially the same as 
in the above-noted configurations, so that the same 
structural elements have been provided with the same 
numbers, and their further explanation has been omit- 
ted, focussing on the aspects that are different and the 
operation of the electrode plate 51 . 
[0085] The electron-emitting element 49 of the 
present invention has a very high electron emission effi- 
ciency, so that its application area can be small, and 
since it can be patterned in a printing step, when it is 
applied at the intersections between the gate electrodes 
44 and the cathode wiring 45, it can measure only a 
fraction of the surface area of a pixel of the phosphor 
layer, so that it can be regarded practically as a dot (i.e. 
quasi-dot-shaped). 

[0086] The electrons emitted from the quasi-dot- 
shaped electron-emitting elements 49 initially assume 
divergent electron trajectories 50, as shown in Fig. 7. 
However, similar to the principle that light from one point 
can be focussed by simple optical means on one point, 
the focussing operation of the electrode plate 51 
focuses the electron beam emitted by the quasi-dot- 
shaped electron-emitting elements 49 on substantially 
one point on the phosphor layer 43 corresponding to the 
electron-optical image plane, within the scope of aber- 
rations. Thus, the spot size on the phosphor layer 43 
can be reduced, thereby attaining a higher image reso- 
lution. 

[0087] Moreover, if this configuration is further pro- 
vided with a deflection function, such a deflection func- 
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tion can scan a small focused spot over a plurality of 
phosphor pixels and let these phosphor pixels emit light* 
so that the number of display pixels can be increased to 
be larger than the number of electron-emitting elements 
49, enabling a high resolution of the displayed image, 
even when the density of the electron-emitting element 
49 cannot be increased over a certain level, because of 
structural limitations for the above-noted matrix struc- 
ture. Consequently, this configuration has the surprising 
effect that an inexpensive image display device having 
high efficiency can be obtained, which has even higher 
resolution. 

[0088] The present embodiment has been 
explained for the case that the substrate 46 and the rear 
panel 42 are separate members. However, it is also 
possible to form the cathode wiring 45 and the electron- 
emitting elements 47 directly on the rear panel 42. In 
this case, the substrate 46 is integrated with the rear 
panel 42, which is part of the vacuum container, so that 
by combining them into one member, material costs can 
be reduced and the assembly process is facilitated, 
which makes the image display device even less expen- 
sive. 

Claims 

1. A carbon ink made into a paste with an organic 
binder and a solvent, the carbon ink comprising: 

carbon particles including a 6-membered car- 
bon ring; and 

support particles for supporting the carbon par- 
ticles. 

2. The carbon ink of Claim 1 , characterized in that a 
size of the support particles is smaller than a longi- 
tudinal length of the carbon particles. 

3. The carbon ink of Claim 1 , characterized in that the 
support particles are made of self-combustible 
powder that decomposes into a gas when heated or 
burned or of a thermally decomposing foaming 
agent powder. 

4. The carbon ink of Claim 3, characterized in that the 
decomposition temperature of the support particles 
is lower than the decomposition temperature of the 
organic binder. 

5. The carbon ink of Claim 1, characterized in that the 
carbon particles comprise at least one of the group 
consisting of carbon nanotubes, graphite, and car- 
bon fibers made into graphite powder. 

6. An electron-emitting element, to which the carbon 
ink of Claim 1 is applied at predetermined positions 
of a conductor that has been patterned on a sub- 
strate, and fired. 
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7. The electron-emitting element of Claim 6, charac- 
terized in that, in an aggregation of the carbon par- 
ticles, voids having a size in the range of 0.05 to 5 
(im have been formed by decomposing the support 

5 particles. 

8. A method for manufacturing an electron-emitting 
element, comprising: 

w filling the carbon ink of Claim 1 into a patterned 

concave board; 

transferring the carbon ink filled into the pat- 
terned concave board to a blanket; and 
transferring the carbon ink transferred to the 
15 blanket to a substrate. 

9. An image display device for forming images by 
causing a phosphor layer to emit light with electrons 
emitted from electron-emitting elements, the image 

20 display device comprising: 

a vacuum container; 
a phosphor layer; 

a substrate provided with a cathode wiring 
25 made of a patterned conductor; and 

electron-emitting elements made by 

applying, to predetermined positions of the 
substrate, a carbon ink made into a paste 

30 with an organic binder and a solvent, the 

ink comprising (i) carbon particles having a 
6-membered carbon ring, and (ii) support 
particles for supporting the carbon parti- 
cles, and 

35 firing the ink; 

wherein the cathode wiring is patterned into 
stripes; 

the phosphor layer has electrically separated 
40 stripes that are arranged in a plane substan- 

tially parallel to the stripes of the cathode wiring 
and extend substantially perpendicular to the 
stripes of the cathode wiring; and the image 
display device is matrix-driven between the 
45 stripes of the phosphor layer and the stripes of 

the cathode wiring. 

10. An image display device for forming images by 
causing a phosphor layer to emit light with electrons 

so emitted from electron-emitting elements, the image 
display device comprising: 

a vacuum container; 
a phosphor layer; 
55 a substrate provided with a cathode wiring 

made of a patterned conductor; 
electron-emitting elements made by 
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applying, to predetermined positions of the 
substrate, a carbon ink made into a paste 
with an organic binder and a solvent, the 
ink comprising (i) carbon particles having a 
6-membered carbon ring, and (ii) support 5 
particles for supporting the carbon parti- 
cles, and 
firing the ink; and 

gate electrodes arranged between the phos- 10 

phor layer and the substrate; 

wherein the cathode wiring is patterned into 

stripes; 

the gate electrodes have electrically separated 
stripes that are arranged in a plane substan- 15 
tially parallel to the stripes of the cathode wiring 
and extend substantially perpendicular to the 
stripes of the cathode wiring; and the image 
display device is matrix-driven between the 
stripes of the phosphor layer and the stripes of 20 
the cathode wiring. 

11. The image display device of Claim 10, further com- 
prising control electrodes between the phosphor 
layer and the gate electrodes, the control elec- 25 
trades functioning to focus or to focus and deflect 

an electron beam. 

12. The image display device of Claim 9 or 10, charac- 
terized in that the substrate is integrated into the 30 
vacuum container. 




35 
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FIG. 1 B 
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FIG. 2 
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FIG. 3A 




FIG. 3B 
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